This manuscript is dedicated to Professor Mitsuo Sawamoto's outstanding achievements in polymer chemistry and recognizes his recent retirement from 40 years of exceptional service to Kyoto University. The supramolecular folding of amphiphilic heterograft copolymers equipped with dendritic pendants is investigated using a combination of proton nuclear magnetic resonance ( 1 H NMR) spectroscopy, small-angle X-ray scattering, and circular dichroism spectroscopy. Hereto, the linear poly(ethylene glycol) pendants normally used to convey water compatibility are partially substituted with branched analogues. For one set of copolymers, second-generation polyglycerol dendrons are directly attached to the polymer backbone, while for the other a hydrophilic linker is placed in between. The results show that the branching of the hydrophilic pendants affects the local structure of the folded copolymer but does not influence the overall conformation and single-chain character of the folded copolymers in solution. All copolymers fold into 4-5 nm single-chain polymeric nanoparticles with a very compact spherical morphology, independent of the dendritic content of the copolymer. Intriguingly, the incorporation of the dendritic pendants affects the formation of a structured interior even at low incorporation ratios.
INTRODUCTION Nature has evolved an amazing arsenal of molecular machinery to sustain life. One of its major components is proteins, fulfilling a wide variety of functions in an incredibly efficient and selective way. Intriguingly, the distinct function of a protein is directly related to its precisely controlled three-dimensional structure. [1] [2] [3] By studying the delicate structure-function relation observed in proteins, some of Nature's design principles have been elucidated. 3, 4 By applying these design principles, new interesting synthetic materials have been developed. [5] [6] [7] [8] The close relationship between the structure and function of proteins has been a major source of inspiration to the field of macromolecular science, 9 resulting in many elegant examples in which rudimentary structural features of proteins have been mimicked. For example, the hydrophobic pocket of enzymes has been successfully mimicked by incorporating catalytically active groups in the hydrophobic domains of star polymers, micelles, and vesicles. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In addition, macromolecular architectures with an extremely well-defined 3D morphology were developed in the form of dendrimers and helical polymers, such as foldamers. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] However, the excellent structural control and properties provided by such perfectly defined synthetic structures, comes at the cost of a relatively demanding synthesis.
Inspired by Mitsuo Sawamoto's controlled polymer synthesis, a similar extent of structural control with simplified synthetic architectures was obtained and key elements of dendrimers were incorporated into amphiphiles and polymers. The unique 3D architecture of such dendritic amphiphiles has been used to construct self-assembled nanostructures with diverse morphologies. [30] [31] [32] Similarly, the conformation of polymers could be controlled via the attachment of dendritic pendants. The synthesis of such dendronized polymers is well established and their characteristics are actively studied, both experimentally and theoretically. Depending on the dendritic content and design of the dendrons, polymers can be highly stretched, collapsed, or everything in between. [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] Similar to polymers grafted with a high density of long linear pendants, such as bottle brush polymers, dendronized polymers are stretched by ample incorporation of sufficiently large dendrons. 43, 44 However, modeling studies do not yet agree on the effect of the pendant's degree of branching on the stretching of the polymers. While some studies suggest that dendritic pendants, compared to linear pendants, induce stretching of a polymer chain at lower degrees of incorporation or via the use of smaller pendants, others suggest no influence of the degree of branching. [45] [46] [47] [48] Furthermore, surfaces, such as membranes, are expected to become less rigid, and thus more bendable, when grafted with more branched architectures. 49, 50 Nowadays, a popular method to control the conformation of synthetic polymers is the so-called single-chain polymeric nanoparticles (SCPNs) approach. Here, individual polymers are intramolecularly collapsed into nanoparticles by means of covalent, dynamic covalent, or supramolecular crosslinks. [51] [52] [53] Whereas a variety of hydrogen bonding groups have been applied in organic media to collapse polymers, [54] [55] [56] [57] [58] [59] [60] [61] only few are capable of inducing the collapse and subsequent folding in water. [62] [63] [64] [65] [66] Especially, the inherent ability of benzene-1,-3,5-tricarboxamides (BTAs) to self-assemble into helical supramolecular polymers-stabilized by threefold hydrogen bonding-proved to be a versatile way to control the conformation of a single polymer chain in solution. [67] [68] [69] Inspired by Israelachvili's theory on the self-assembly of surfactants, in which he showed that the shape of a micelle is directly related to the geometry of an individual surfactant, we investigate whether the curved nature of dendritic pendants can be used to promote the intramolecular folding of supramolecular amphiphilic heterograft copolymer into spherical nanoparticles. 70 Hereto, the linear poly(ethylene glycol) pendants normally used to convey water compatibility are partially substituted with branched analogues, more specifically with second-generation polyglycerol dendrons. [67] [68] [69] 71, 72 These dendritic units are well soluble in aqueous media and are highly biocompatible. [73] [74] [75] [76] Two sets of copolymers were synthesized to study the effect of the dendron incorporation (Fig. 1) . In set A, various amounts of the dendron were directly attached to the polymer backbone. In set B, the dendrons were attached via a hydrophilic linker. A combination of small-angle X-ray scattering (SAXS) experiments and circular dichroism (CD) spectroscopy measurements reveals that both dendritic architectures form around 4-nm-sized spherical single-chain polymer nanoparticles, but also that the incorporation of dendritic pendants reduces the degree to which a structured interior is formed.
RESULTS

Synthesis and Characterization of a Second-Generation Dendron
Two different derivatives of a second-generation polyglycerol dendron were synthesized. In set A, the dendron (8) is directly attached to the polymer backbone and in set B, the dendron (18) is attached via a hydrophilic hexa(ethylene glycol) linker (Scheme 1). Both of the dendrons were synthesized in an iterative approach, starting with the reaction between two equivalents of racemic solketal (1) with one equivalent of methallyl dichloride (2) . 73 Next, the double bond in the resulting first-generation dendron (3) was converted into an alcohol group (4) via a subsequent ozonolysis and reduction step. Two equivalents of this product (4) were reacted with methallyl dichloride (2) to obtain a second-generation polyglycerol dendron (5) . By performing another subsequent ozonolysis and reduction step, a second-generation alcohol functionalized dendron (6) was obtained. The newly introduced alcohol group was activated using mesyl chloride and directly transformed into an azide group (7). The final product, Prot-G 2 -NH 2 (8) , was obtained by a reduction of the azide using hydrogen gas in an overall yield of 24% over six steps.
For the other protected second-generation polyglycerol amine (18), a hydrophilic spacer was prepared. Hereto, hexa(ethylene glycol) was protected on one side using tert-butyl bromoacetate (10) . Afterward, the remaining free alcohol group (11) was activated in a reaction with tosyl chloride (12) . The activated alcohol group was purified and directly reacted with potassium phthalimide (14) forming compound 15. After the removal of the protecting tert-butyloxycarbonyl group using trifluoroacetic acid, the linker (16) was coupled to the protected second-generation polyglycerol amine (8) using o-(benzotriazol-1-yl)-N,N,N' ,N'-tetramethyluronium tetrafluoroborate as the coupling reagent. The final product, Prot-G 2 -HEG-NH 2 (18) , was obtained after removal of the phthalimide group with hydrazine in an overall yield of 13%. Pentafluorophenyl acrylate (19) was polymerized using reversible addition-fragmentation chain transfer (RAFT) polymerization (Scheme 2). After removal of the RAFT-end group, the poly(pentafluorophenyl acrylate) homopolymer (P2) was grafted with aminefunctionalized groups in a sequential fashion (Scheme 2). For the different copolymer sets, A and B, two large batches of P2 were separately functionalized with the hydrophobic ndodecylamine and the structuring BTA-C 11 -NH 2 , in the optimal ratio as found in prior research (15 and 5 mol %, respectively). 69 One of these two large batches was split into four smaller batches and functionalized with various amounts of Prot-G 2 -NH 2 (8) , while the other large batch was split into four and subsequently functionalized with Prot-G 2 -HEG-NH 2 (18) . This was done to ensure that the copolymers within set A contain an equal number of n-dodecylamine and BTA-C 11 -NH 2 units, as well as all the copolymers within set B. All these functionalization steps were performed with the diols of the dendron protected with acetonide groups to prevent a side reaction between dendron's alcohol groups and the copolymer's activated esters. Interestingly, the maximal incorporation of Prot-G 2 -NH 2 (8) proved to be limited to approximately 30 mol %. Apparently, the remaining reactive centers of the copolymer (50 mol %) are no longer accessible at these compositions and conditions. 77 This already suggests a significant crowding effect induced by the sterically demanding dendrons. Prot-G 2 -HEG-NH 2 (18) could be incorporated to larger extents. As a result of the limited accessibility of the remaining reactive ester groups, a huge excess of hydrophilic Jeffamine M-1000 (~320 equivalents) was required to fully functionalize all the dendronized precursor polymers.
For all the copolymers, the conversion of each sequential postfunctionalization step was monitored using 19 F NMR spectroscopy by comparing the signals corresponding to the released pentafluorophenol to those of the precursor polymers. 69, 78, 79 The 19 F NMR spectra confirmed that the sequential incorporation of the different amines roughly matched with the feed ratios. The copolymers were purified via a consecutive dialysis against tetrahydrofuran and methanol, followed by precipitation in cold n-pentane. The final poly(acrylamide) copolymers with a degree of polymerization of around 140, showed values for the number-average molecular weight (M n ) ranging from 24.5 to 28.2 kg mol −1 and dispersity (Ð) varying between 1.15 and 1.24 ( Table 1) .
The fully functionalized, acetonide-protected copolymers were characterized by proton nuclear magnetic resonance ( 1 H NMR) spectroscopy in CDCl 3 . For the copolymers of set A, with the protected dendrons directly attached to the backbone, 1 H NMR spectra with broadened signals were obtained (Fig. S1 ). Interestingly, for the copolymers of set B, containing Prot-G 2 -HEG, splitting of the signals corresponding to the outermost glycerol moieties was observed. This indicates that the protected second-generation polyglycerol dendrons are significantly more mobile in chloroform, when attached to the copolymer backbone via a hydrophilic linker.
The synthesis of the dendronized copolymers was completed by deprotection of the dendritic pendants using a dilute HCl solution (Scheme 2). This reaction was monitored using 1 H NMR spectroscopy, by following the disappearance of the signals corresponding to the protecting groups (Figs. S1 and S2). Upon reaching full conversion, the copolymers were purified via a dialysis against methanol, followed by precipitation in cold n-pentane.
Sample Preparation Procedure
In previous works, the sample preparation procedure proved to be crucial to the folding of amphiphilic copolymers. 69, 80 In this work, dissolving of the copolymers, in deionized water, was facilitated by 1 h of sonication. Afterward, the samples were cooled to room temperature, left standing overnight, and filtered using a 100 nm PVDF filter.
Overall Conformations of the Dendronized Copolymers
SAXS experiments were performed to get insight into the relationship between the composition of the deprotected dendronized copolymers and their conformation in solution. The scattering profiles obtained for all the copolymers were featureless curves leveling off at low q values, which is typical for small polymeric nanoparticles in solution [ Fig. 2(A,B) ]. The radii of gyration and weight-average macromolecular weights were determined via the shape-independent Guinier analysis ( Table 2 ). The fitting range was set such that the maximum q to be included is ≤1.
. From the intensity of these plateaus at low q values, the weight-average molecular weight (M W ) of the nanoparticles in solution was estimated (Table 2 ).
For the copolymers of set A, with the dendritic pendants directly attached to the polymer backbone, the intensity of the plateau at low q values was observed to decrease as a function of the dendritic content [ Fig. 2(A) ]. This indicates that mass of the copolymers in solution becomes lower upon increasing the G 2 content. Such a gradual reduction of the copolymer's molecular weight, as a function of the dendritic content, is expected since the dendrons are introduced as the direct substitute for the heavier Jeffamine M-1000 pendants (M = 695.4 and~1050 g mol
, respectively). These theoretically calculated values proved to match closely with the molecular masses determined with SAXS (Table 2 ). This suggests that all these copolymers are present as SCPNs, regardless of their composition. Because all the scattering curves can be successfully fitted with a polymer excluded volume model, we conclude that the folded copolymers adopt a globular conformation in solution. In addition, this analysis provides insight into the compactness of the formed nanoparticles via the excluded volume parameter from the Flory mean field theory (ν) ( Table 2) . 81,82 A system's ν value provides information about the effective solvent quality and is thus related to the compactness of the system. The lower the ν value, the more compact the conformation of the homopolymer coil. For polymers in a bad solvent, a theoretical lower limit of 0.33 is to be expected. Our obtained ν values are slightly lower than this lower limit, which is attributed to the structured interior of the nanoparticles. Based on this insight, in combination with the Guinier analysis, we conclude that all copolymers fold into very compact globular SCPNs with a radius of gyration (R G ) of approximately 4 nm ( Table 2) .
For the copolymers grafted with the G 2 -HEG dendrons, set B, the intensity of the plateau at low q values appears to be virtually independent of the copolymer composition [ Fig. 2(B) ]. This indicates that these copolymers in solution form nanoparticles with a comparable molecular weight. Here, the similar molecular weights of G 2 -HEG-NH 2 and Jeffamine M-1000 (1016.6 and~1050 g mol −1 , respectively) cause changes in the ratio between these two pendants to have a negligible effect on the copolymer's molecular weight. Again, the theoretically expected masses are in close agreement with the values obtained with SAXS ( Table 2) . Regardless of the exact composition, the G 2 -HEG-containing copolymers also form 4-5 nm SCPNs with a very compact spherical morphology. Internal Structure of the Copolymers As described above, the scattering curves obtained are similar at intermediate q values. Therefore, similar R G and ν values are extracted by fitting of the curves, indicating that the overall conformation of the dendronized copolymers is not significantly affected by the incorporation of the branched pendants. From the high q regime of the scattering curves, information about the local structure of the SCPNs can be obtained. At a low degree of dendron incorporation (10 mol %), the normalized scattering curves overlap over the entire q range [ Fig. 3(A) ]. This suggests that, at this composition, the conformation of the G 2 -and G 2 -HEG-containing copolymers is effectively the same at all observed length scales. However, upon increasing the dendron content to 20 or 30 mol %, a slightly different decay can be discerned between q = 1 and 4 nm [ Fig. 3(B) ]. This different decay indicates that the folded copolymers possess an additional 1-2-nm-sized structure. Most likely, this additional local structure is related to a local SCHEME 2 Synthesis and sequential postfunctionalization of a poly(pentafluorophenyl acrylate) homopolymer with 15 mol % dodecylamine, 5 mol % BTA-C 11 -NH 2 , and various amount of dendritic (x), and Jeffamine M-1000 (y) pendants. In set A, the dendrons are directly attached to the polymer backbone. In set B, the dendrons are attached via a hydrophilic linker. Subsequently, the dendritic pendants were deprotected using acid.
increase of the copolymer's cross-sectional diameter induced by the bulky nature of the dendritic pendants. 83 Folding of the Dendronized Copolymers Chiral BTA grafts fold a polymer backbone into a nanoparticle via the formation of helical, hydrogen-bond-based assemblies with a preferred handedness. The presence of such structured domains within the nanoparticles can be monitored with CD spectroscopy. A negative CD effect is indicative for the formation of left-handed helical BTA assemblies. 84 In addition, the shape of the CD effect provides information on the conformation of the hydrogen-bonded amides of the BTAs in the selfassembled state, whereas the magnitude of the signal is proportional to the fraction of BTA that is helically assembled. For all the copolymers, comprising approximately the same BTA and n-dodecyl content (5 and 10 mol %, respectively), a negative CD effect was observed with an identical shape. This indicates that all the copolymers contain structured lefthanded self-assembled domains in which the amides of the BTAs adopt the same conformation. Importantly, the two slightly different copolymers from sets A and B, comprising without of only BTAs and linear hydrophilic grafts, have a similar CD effect with a molar CD (Δε) of around Fig. 4(A,B) ]. This value is in close agreement with those obtained in prior research. 85 However, the incorporation of the dendritic grafts leads to a significant drop in the magnitude of the CD effect. The most pronounced decrease in CD effect is observed for the incorporation of the initial 10 mol %, independent of the architecture of the branched graft. Upon tripling the dendritic content of G 2 , the magnitude of the CD effect slightly reduces [ Fig. 4(A) , Δε = −16-18
. Furthermore, the temperature dependence of the CD effect is in agreement with prior research, and thus not influenced by the dendritic grafts. 69 On the other hand, copolymers containing various amounts of G 2 -HEG (10-30 mol %) have the exact same CD effect (Δε = −13 M −1 cm −1 ), independent of their dendritic content [ Fig. 4(B) ]. Although replacing 10 mol % of Jeffamine M-1000 for dendrons suffices to induce an immediate decrease in |Δε|, a higher incorporation of the dendrons does not lead to additional reduction in BTA selfassembly. To further elucidate the origin of the trends observed in the CD effect, the protected dendronized copolymers were studied. Surprisingly, all the Prot-G 2 -containing copolymers have a similar CD effect with a magnitude similar to that of the copolymer only comprising without of linear hydrophilic pendants [ Fig. 5(A) ]. This shows that the BTAs self-assemble to a similar extent, irrespective of the copolymer's Prot-G 2 content. Apparently, the sterically demanding nature of the protected G 2 dendrons does not significantly affect the self-assembly of the BTA grafts. For set B, the CD effect observed for the copolymers with a 0 and 30 mol % G 2 -HEG incorporation has a magnitude similar to the G 2 -containing copolymers [ Fig. 5(B) ]. Remarkably, the two other polymers (10 and 20 mol % G 2 -HEG) have a lower CD effect. These results indicate that a change in the polarity of the end groups has a large effect on the formation of a supramolecular internal structure, but the shape of the dendrons does not.
DISCUSSION
The supramolecular folding of amphiphilic heterograft copolymers equipped with dendritic pendants shows similarities but also pronounced differences compared to their counterparts that only comprise without of Jeffamine M-1000 side chains. By eye, all the dendronized copolymers seem to be better soluble in aqueous solutions than the copolymers containing only linear hydrophilic pendants. Presumably, the branched nature of the dendrons induces more disorder in the polymer brush, making them easier to solubilize.
SAXS measurements were performed on the amphiphilic heterograft copolymers. The masses of the copolymers, determined using SAXS in solution, proved to be in close agreement with the theoretically expected values. Therefore, it is concluded that all the copolymers fold into single-chain polymer nanoparticles, regardless of their exact composition. Interestingly, the SAXS experiments indicate that a a Determined using the Guinier analysis, error in R G < 5%. b Determined using the polymer excluded volume model. 20-30 mol % incorporation of the dendritic architectures does introduce an additional 1-2-nm-sized structure in the folded nanoparticles. This structure is attributed to a local increase of the copolymer's cross-sectional diameter due to the attachment of bulky dendritic pendants to the polymer backbone. These observations suggest that the dendrons are more densely packed around the polymer backbone than the linear counterparts. Surprisingly though, this evidential impact of geometry of the hydrophilic pendants on the polymer conformation remains localized, and is thus not translated into an overall stretching of the copolymer. As a result, all copolymers adopt a compact spherical conformation with a radius of gyration of approximately 4-5 nm, independent of the dendritic content of the copolymer. These sizes are slightly smaller than what has been observed before for similar supramolecular amphiphilic heterograft copolymers. [67] [68] [69] However, the work presented here uses X-rays for the small-angle scattering experiments, whereas in previous studies neutrons were applied. The contrast between water and poly(ethylene glycol) is larger in neutron scattering experiments, which makes a PEG-based corona more visible. As a result, the radii of gyration can be slightly larger when determined via SANS. Based on the SAXS experiments, we conclude that the curved and bulky architecture of these dendritic pendants does not provide a significant benefit to the intramolecular folding of supramolecular amphiphilic heterograft copolymer, in comparison to linear branches (Fig. 6 ).
Further evidence for this statement is obtained by CD spectroscopy experiments. These measurements were performed to investigate how the balance between branched and linear hydrophilic pendants influences the self-assembly of the supramolecular grafts. Interestingly, a substantial drop in the magnitude of |Δε| from 25 to around 12-15 M −1 cm −1 is observed for all dendronized copolymers. This indicates that the deprotected dendrons reduce the degree of helical order between the BTA pendants. Interestingly, CD spectroscopy indicates that the folding of the dendronized copolymers is only slightly dependent on the copolymer's G 2 content, and completely unaffected by increases in G 2 -HEG content. Intriguingly, in both cases the BTA self-assembly seems to be limited to a fixed extent. Presumably, the incorporation of the dendrons forces the nanoparticle to adopt a compact conformation in which the self-assembly of the supramolecular grafts is limited to a specific degree.
To elucidate the origin of these surprising results, the protected dendronized copolymers were studied using CD spectroscopy. Intriguingly, the magnitude of the CD effect is independent of the copolymer's Prot-G 2 content. This indicates that the sterically demanding nature of Prot-G 2 does not significantly affect the self-assembly of the BTA grafts. However, the incorporation of Prot-G 2 -HEG displays a surprising trend. The CD effect observed for the copolymers with a 0 and 30 mol % Prot-G 2 -HEG incorporation has a magnitude similar to the Prot-G 2 -containing copolymers. However, the magnitude of the CD effect in the two other polymers (10 and 20 mol % Prot-G 2 -HEG) is lower. We attribute this to degradation processes in these copolymers, as the deprotected G 2 -HEG-containing copolymers proved to be prone to crosslinking over time. This unstable nature of the deprotected G 2 -HEG-containing copolymers might also be the reason for the larger deviations in the numbers obtained from the SAXS experiments, compared to the deprotected G 2 -containing copolymers ( Table 2 ). Assuming that the geometry of the dendrons remains similar upon deprotection, we conclude that the different trends observed in CD spectroscopy are strongly related to the change of the dendron's end groups. Presumably, the free alcohol groups of the deprotected dendrons are interfering with the stabilizing hydrogen bonds of the BTA stacks, just like the addition of isopropanol has proven to do. 67 This would suggest that at least a part of the dendritic pendants must be in close proximity of the hydrophobic BTAs.
Prior research has shown that folding of amphiphilic heterograft copolymer using supramolecular interactions results in nanoparticles containing multiple, structured domains. 65, 68 It could be that, in resemblance to self-assembled supramolecular systems in water, a certain fraction of these domains are strongly associated while others are weakly bound. 86 These weakly associated domains could be more accessible and thus easier to disrupt. Here, the fixed hydrophobic content of the amphiphilic heterograft copolymers could mean that the ratio between the different domains is approximately constant. Therefore, only a fixed fraction of the BTAs can be disassembled by the OH end groups of the dendritic pendants, explaining the surprising CD results.
Furthermore, Sawamoto and coworkers recently studied the folding of comparable amphiphilic heterograft copolymers using 1 H NMR spectroscopy. 87 They reported that in order to facilitate the formation of stable nanoparticles, a part of the hydrophilic grafts is incorporated in the hydrophobic core. SCPNs formed by copolymers with a higher hydrophobic content proved to have a larger fraction of the hydrophilic side chains present in the hydrophobic core. Therefore, it was concluded that the fraction of the hydrophilic pendants that is internalized in the core is directly related to the copolymer's hydrophobic content. Extending these insights to our dendronized amphiphilic heterograft copolymers, with a constant hydrophobic content, implies that an approximately constant fraction of the hydrophilic grafts is internalized in the hydrophobic core of the SCPNs. This constant fraction of internalized hydrophilic pendants can interfere with the BTA stacks, while the rest is present on the exterior of the SCPN. As a result, an increase in the dendritic content of the copolymers does not lead to a further destabilization of its structured internal core.
CONCLUSIONS
Inspired by the amazing science of Mitsuo Sawamoto, we investigated the folding of dendronized amphiphilic heterograft copolymers using a combination of 1 H NMR spectroscopy, CD spectroscopy, and SAXS. Hereto, the typically used linear poly(ethylene glycol) derivative was partially substituted with branched hydrophilic analogues. For one set, the dendrons were directly attached to the polymer backbone, while for the other, a hydrophilic linker was placed in between. The results show that although the geometry of the hydrophilic pendants impacts the polymer conformation on a local level, all the copolymers adopt a compact spherical conformation with a radius of gyration of approximately 4-5 nm. Because this behavior is independent of the dendritic content of the copolymer, we conclude that the curved and bulky architecture of these dendritic pendants does not provide a distinct difference to the intramolecular folding of supramolecular amphiphilic heterograft copolymer, in comparison to linear branches. Intriguingly, even the slightest incorporation of a dendritic pendant limits the formation of a structured interior to a fixed extent. Most likely, this is due to the polar end groups of the dendrons interfering with the self-assembly of supramolecular pendants. This research will benefit the further understanding of the folding and structure of amphiphilic heterograft copolymers in solution via supramolecular interactions. It therefore aids in the overall goal to obtain protein-like structural control over synthetic macromolecular structures. It is our pleasure to dedicate this article to Mitsuo Sawamoto for his continuous support of original polymer chemistry and well-defined polymers by living polymerization, a technique so important for the work presented here. 
